Temperature and photoperiod are generally reliable indicators of seasonality that have shaped the 9
Introduction
day, and the novel, mismatched conditions of a warm winter day, and a cool summer day. A 1 0 0 control line was reared at standard laboratory conditions (18ºC, 14 L:10 D). Eggs were reared to 1 0 1 adulthood in each of these treatments and were monitored for length of development time. The 1 0 2 adults were assayed for fitness (estimated by the intrinsic rate of increase, r) and survivorship. temperature effects, then short days, which signal winter temperatures, might trigger seasonal 1 0 8 thermal compensation thereby increasing metabolic rate and resulting in decreased development 1 0 9 time, higher population growth rates and decreased survivorship. By quantifying the responses to 1 1 0 different combinations of photoperiod and temperature, we will begin to tease apart the relative 1 1 1 contributions of each variable in acclimation responses. The use of three populations from two 1 1 2 continents allows me to examine geographic variability in these traits. The ancestral populations of D. subobscura range from North Africa to Scandinavia, 1 1 7
where they have been shaped by over 10,000 years of post-glacial environmental variability in 1 1 8 1 3 8 yeast/cornmeal/molasses media. Eggs were collected from these population cages within 18 1 3 9 hours of being laid. For each population, 500 eggs were distributed equally into 10 vials 1 4 0 containing 10 ml of media. Two vials per population were then placed in each of the four 1 4 1 experimental combinations of temperature (High 23˚C versus Low 15˚C) and photoperiod (Long Model II serial transfer method (Mueller, 1981) , all adults were removed, sexed, and counted 1 7 9 once every seven days for eight weeks to obtain estimates the intrinsic rate of increase (r). For the Mueller assay, we first estimated lambda, the finite rate of increase or the rate at where N is the population size, and t is time (or generation). Population growth rate across 1 8 4 experimental weeks is estimated by the linear equation 1 8 5 N t = a 1 N t-1 + a 2 N t-2 + a 3 N t-3 … + a i N t-i (2)
where a i is the constant per capita output of an i-week old vial. As t gets larger, the per capita 1 8 7 growth rate that is obtained is independent of the initial N and is estimated by the first positive 
where j= 1,2,.. m. Lanciani, 1990 , Lanciani et al., 1992 , Clarke, 2003 . Thermal compensation is generally 3 0 5 adaptive and enables organisms to maintain their physiological function in the face of demonstrate that lower quality diets significantly delay development (Davidowitz et al., 2004) . Alternatively, if could be that feeding rates are slowed under longer photoperiods which could 3 1 8 also lead to delayed development but further investigation is required to determine which 3 1 9 mechanism is causing the delay. Contrary to what we expected, long days were detrimental to survivorship at both 3 2 1 temperatures in this study. Metabolic theory suggest that a lower metabolic rate contributes to a 3 2 2 longer lifespan (reviewed in Finch, 1990) . If long days decrease metabolic rate and if decreased 3 2 3 metabolic rate increases life span, the prediction would be that longer days increase lifespan. increased resource use that is unlikely to be compensated by adult feeding behavior; this could shorter photoperiod decreased development time at both temperatures, we predicted that the 3 3 5
intrinsic rate of increase might increase with higher temperature and shorter photoperiod. However, the observed decrease in development time was only a matter of hours at the high 3 3 7
temperatures (Figure 1 ). This suggests that even though light increases activity in adult D. melanogaster, the increased metabolic rate of the adults may be associated with increased egg-3 3 9
laying and copulation behaviors regardless of the shorter lights-on time (Martin et al., 1999) .
While we observed no continental differences in life history under these regimes, we did growth, it is more likely a lack of resolution in the methods used here. Moreover, we found no 3 4 8 significant difference in life history responses to temperature and photoperiod cues between continents, suggesting that all of these populations may respond similarly to environmental cues.
This study is one of the first to explore the interaction between two of the most important some evidence of thermal compensation (Lanciani, 1990 , Lanciani et al., 1992 . Based on these 3 5 6 studies, we expected short day photoperiod, which increases metabolic rates, to decrease 3 5 7 development time, decrease survivorship, and increase population growth rates. In line with our 3 5 8 prediction for development time, we observed that at 23˚C, photoperiod has little effect, whereas 3 5 9
at 15˚C, the long days prolong development by three to five days. In contrast to our expectation 3 6 0 that short days would increase survivorship, the interaction between temperature and photoperiod rate (Conover & Present, 1990 , Somero, 2004 , Yamahira et al., 2007 . Thus local adaptation in contrast with our prediction that short days would lead to a decrease in population growth rate at 3 6 8 high temperatures , the greatest population growth rate (r) observed in this study was on short 3 6 9 day photoperiod at 23˚C. These data introduce a new dimension to studies of thermal physiology. The change presents a new suit of challenges for organisms that rely on the environment to cue 3 7 8
seasonal changes in fitness-related traits (Bradshaw & Holzapfel, 2006 , Parmesan, 2006 . Novel longer summer and shorter winter photoperiods than ever before. These data suggest that simply L a n k i n e n , P . North American populations and closed circles (solid lines) represent European populations.
4 7
Control treatment is shown in black. 
